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INTRODUCTION. The remote sens ing  methods wi th  which we map o t h e r  
p l a n e t a r y  bodies  provide us  wi th  t h e  composition and mineralogy of t h e  top  
few mm of t h e  p l a n e t a r y  s u r f a c e ,  i . e . ,  t h e  ve ry  s u r f a c e .  From t h e s e  d a t a ,  
in fe rences  regard ing  t h e  c r u s t a l  compositions of p l a n e t a r y  bodies  a r e  
commonly drawn. Lunar samples have provided o p p o r t u n i t i e s  f o r  ref inement  
and c a l i b r a t i o n  of remote sens ing  methods, e s p e c i a l l y  f o r  i n f r a r e d  spec t ro -  
scopy and X-ray f luorescence .  Lunar samples, however, a r e  no t  n e c e s s a r i l y  
obta ined from t h e  moon's ve ry  s u r f a c e .  Regol i th  samples are u s u a l l y  
r e l a t i v e l y  deep scoops and rock  samples a r e  commonly much l a r g e r  and a r e  
e j e c t a  from below t h e  very s u r f a c e .  Therefore,  only  i f  r e g o l i t h  p rocesses  
have thoroughly mixed and homogenized t h e  l u n a r  r e g o l i t h ,  t h e  m a t e r i a l  a t  
t h e  ve ry  s u r f a c e  would n o t  be  d i f f e r e n t  from t h a t  a t  o t h e r  l e v e l s  of t h e  
r e g o l i t h .  

KYPOTHESIS . We hypothesize  t h a t  t h e  smal l -scale  process  of micro- 
m e t e o r i t i c  bombardment can and has  made t h e  chemical and minera log ica l  
composition of t h e  ve ry  s u r f a c e  of t h e  moon d i f f e r e n t  from t h e  r e s t  of t h e  
r e g o l i t h .  

RATIONALE. It has  been observed i n  n e a r l y  every d r i l l  c o r e  from t h e  
moon t h a t  t h e  top  few mm a r e  enr iched i n  a g g l u t i n a t e s .  I f  t h e  chemical and 
minera log ica l  composit ions of a g g l u t i n a t e s  a r e  s i m i l a r  t o  those  of t h e  
average l u n a r  s o i l s  a t  t h e  s i t e ,  t h e n  our hypothesis  is wrong. It has  been 
shown t h a t  m e t a l l i c  Fe is  much more abundant i n  a g g l u t i n a t e s  than i n  any 
o t h e r  common p a r t i c l e  i n  t h e  l u n a r  r e g o l i t h .  Ostensibly ,  m e t a l l i c  Fe i s  a  
reduc t ion  product of maf i c  s i l i c a t e s  i n  t h e  a g g l u t i n a t i o n  process .  I f  so ,  
t h e  s i l i c a t e  phases of a g g l u t i n a t e s  should be more f  e l s i c  than t h e  s o i l  from 
which t h e  a g g l u t i n a t e  had formed. 

Microprobe ana lyses  of a g g l u t i n i t i c  g l a s s  i n  genera l  suggest  t h a t  
s i n g l e  a g g l u t i n a t i o n  even t s  a r e  accompanied by t o t a l  mel t ing of t h e  lunar  
s o i l  t a r g e t  of a  micrometeor i te  p r o j e c t i l e .  However, because t h e  t a r g e t  18 
very smal l ,  about  a  cub ic  mm o r  smal le r ,  u n l e s s  t h e  d i f f e r e n t  s i z e  f r a c t i o n s  
of t h e  l u n a r  r e g o l i t h  have i d e n t i c a l  compositions, t h e  composition of 
a g g l u t i n i t i c  g l a s s  should be  b iased  towards t h a t  of t h e  f ine-s ized m a t e r i a l  
i n  t h e  r e g o l i t h .  Note t h a t  it is a l s o  e a s i e r  t o  mel t  a  porous t a r g e t ,  e .g , ,  
a  s o i l ,  than  a  s o l i d  t a r g e t ,  e .g , ,  a  rock,  v i a  impact. I t  has  been 
conc lus ive ly  shown t h a t  t h e  chemical and minera log ica l  composition of l u n a r  
s o i l s  a r e  fundamentally dependent on g r a i n  s h e .  It h a s  a l s o  been shown 
t h a t  t h e  composit ion of a g g l u t i n i t i c  g l a s s  is  beased towards t h e  composit ion 
of t h e  f i n e s t  f r a c t i o n  of lunar  s o i l s .  Therefore,  i f  t h e  process  of 
incorpora t ion  o r  f u s i o n  of t h e  f i n e s t  f r a c t i o n  is  dominant o r  n o t ,  2s 
h a t e r  i a l  t o  our  argument. 

I t  has been shown i n d i r e c t l y  t h a t  a  p r e f e r e n t i a l  incorpora t ion  of t h e  
very f i n e  f r a c t i o n  of l u n a r  s o i l s  t akes  p l f c e  i n  a g g l u t i n a t e s ,  Thus, it  is  
c l e a r  t h a t  t h e  chemical and mineralogecal  cornposittons of a g g l u t i n a t e s ,  i , e , ,  
t h e  p a r t i c l e s  t h a t  a r e  enriched a t  t h e  ve ry  s u r f a c e  of t h e  moon, a r e  
d i f f e r e n t  from t h e  r e s t  of t h e  r e g o l i t h .  

I f  one cons iders  only  t h e  smal l  impacts of micrometeor i tes ,  which 
probably e j e c t  p a r t i c l e s  5100 pm i n  s i z e ,  another  probable  mechanism of 
r e g o l i t h  d i f f e r e n t i a t i o n  may b e  i d e n t i f i e d ,  A t  t h a t  s i z e  range l u n a r  so21 
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p a r t i c l e s  are mostly a g g l u t i n a t e s ,  monomineralic p l a g i o c l a s e  o r  pyroxene, and 
g l a s s  of v a r i o u s  composit ions.  The f l i g h t  t ime  of any e j e c t e d  p a r t i c l e  is 
dependent on i t s  mass f o r  any g i v e n  e j e c t i o n  energy. I f  p a r t i c l e s  of t h e  
same s i z e  a r e  considered,  f l i g h t  t ime is dependent on t h e  apparen t  d e n s i t y  
of t h e  p a r t i c l e .  Thus, we expect a  d e n s i t y  d i f f e r e n t i a t i o n  by t h i s  p o s t u l a t e d  
b a l l i s t i c  process .  The f e l s i c  l i g h t  p a r t i c l e s ,  being in f l i g h t  longer  than  
t h e  maf i c  h e a v i e r  p a r t i c l e s ,  should p r e f e r e n t i a l l y  accumulate on t o p  of t h e  
l a t t e r  w i t h  cont inued micrometeor i t i c  bombardment. Note t h a t  l a r g e  impacts 
have diminished l o g a r i t h m i c a l l y  through t ime whereas mic rometeor i t i c  impacts 
have become dominant. Therefore,  t h e  cumulative e f f e c t  o f  a  long  p rocess  
should b e  t o  c o n c e n t r a t e  f e l d s p a t h i c  material a t  t h e  ve ry  s u r f a c e  of t h e  
moon r e l a t i v e  t o  maf ic  m a t e r i a l .  

STATUS. The degree  of d i f f e r e n t i a t i o n  t h a t  may have t aken  p l a c e  i n  t h e  
l u n a r  r e g o l i t h  according t o  our  hypothes i s  h a s  n o t  been worked ou t .  The 
hypothes i s  i t s e l f  remains t o  b e  eva lua ted  i n  d e t a i l .  However, it seems 
l i k e l y  t h a t  t h e  ve ry  s u r f a c e  of t h e  moon may n o t  b e  r e p r e s e n t a t i v e  of t h e  
r e s t  of i t s  r e g o l i t h  and t h a t  some of t h e  c a l i b r a t i o n  of remote sens ing  
methods, i f  dependent on r e g o l i t h  pe t ro logy ,  may have t o  b e  rev i sed .  
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